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Electrophoretic display panel 



The invention relates to an electrophoretic display panel, for displaying a 

picture and a subsequent picture, comprising: 

- a first and a second opposed substrate; 

. » etecttophoreticmediunrbeweenfte substta.es, the ri.cttophore.ic medium con.pns.ng 
5 first charged particles having a first color, 

- a plurality of pixels; 

- a first a second and a third electrode associated with each pixel; and 

secondandthethhdelec^ 
10 thepic^e, subset 

potential values for displaying the subsequent picture. 

An embodiment of the electrophoretic display panel of the type mentioned in 
13 meopenmgparagraphisdescr^^ 

01200952.8 (PHNL 010161). 

tothed^nbedelccttophorcttcdisplaypaneUapixcloftoeplurah^ofpnceb 

Us.oryofu.escpo.enttals.Tor^uccmedepcndcncyonftchi^ory.a.epos.ttonofttc 

picttue, as a consequence of ft. inter™! potential vaiues of the potentials. The mterval 
position serves as a sterting position for change fte position of tire partio.es .o d^lay tire 
Lp, picture. However, tire dependency of tire appearance of tire pnee on tire h.s«ory .s 
25 stiti reUtiveiy large. Therefore, it is difficuU «o have substantially reprodncb.e appearances 
of the p,xel. ^ ^ ^ ^ ^ ^ ^ u u djfflcnh to ob(ain 

therewitil pixels witir substantially reproducible appearances. 
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It is an object of the invention to provide a display panel of the kind mentioned 
in the openingparagraph whichhas pixels with substantially reproducible appearances. 

The object is thereby achieved that the drive means are able to apply reset 
potential values to the electrodes as me interval potential values for bringing the charged 
particles into a predetermined reset position between displaying the picture and displaying 

the subsequent picture. 

The invention is based on the insight that if the charged particles are brought 
into the predetermined reset position as the interval position, the interval position previous to . 
the subsequent picture is substantially equal to the interval position previous to each 
following picture. Therefore, a dependency ofthe appearance ofthe pixel on the history of 
the potentials is substantially absent The drive means of the display panel according to the 
invention are able to bring the charged particles into the predetermined reset position 
between displaying the picture and displaying the subsequent picture by the application of 
reset potential values to the electrodes as the interval potential values. Therefore, the display 
panel has pixels with substantially reproducible appearances. 

This is in contrast to the display panel described in non-prepublished European Patent 
application 01200952.8 (PHNL 010161), where the interval positions are brought about by 
predetermined potential values as interval potential values. The interval positions are, as a 
result thereof, strongly dependent on the positions during the display ofthe preceding picture. 
It is therefore not possible to get substantially reproducible appearances ofthe pixels m the 
subsequent picture. 

If the first substrate comprises for each pixel the first electrode, and the second 
substrate comprises for each pixel the second and the third electrode, the appearances ofthe 
5 pixels can relatively easy be changed compared to the display panel having one ofthe 

substrates comprising the first, the second and the third electrode. Alternatively, many other 

pixel geometries are possible. 

If the reset potential values are opposite to the picture potential values and the 
drive means are able to apply the reset potential values for a same duration as the picture 
0 potential values, before applying the subsequent picture potential values, the trajectory ofthe 
charged particles is opposite to the trajectory ofthe charged particles as a consequence ofthe 
picture potential values. As a result the charged particles are substantially brought back into 
the positions occupied before displaying the picture. If the picture potential value of one of 
the potentials is zero, the respective reset potential value is also zero. As a result the interval 
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position of the charged particles is equal for each following picture. The display panel may 
have a similar structure as the display panel described in non-prepublished European Patent 
application 01200952.8 (PHNL 010161), having only different picture potential values 
between displaying the picture and displaying the subsequent picture. 

If the predetermined reset position is an extreme position, the reset potential 
values are opposite to the picture potential values and the drive means are able to apply the 
reset potential values for at least a same duration as the picture potential values, before 
applying the subsequent picture potential values, the trajectory of the charged particles is 
opposite to the trajectory of the charged particles as a consequence of the picture potential 
values. The reset potential values may be applied for a longer duration than the duration of 
the picture potential values, and are therefore less critical, because the predetermined reset 
position is an extreme position, i.e. the position of the charged particles does not change if 
the reset potential values are applied for a longer duration than the picture potential values. 
As a result the charged particles are substantially brought back into the positions occupied 

before displaying the picture. 

In another embodiment the first charged particles consist of one of negatively 
charged particles and positively charged particles, and the drive means are able to apply the 
reset potential values to the electrodes for bringing the charged particles into the 
predetermined reset position, which is associated with the first electrode. Then the first 
charged particles are concentrated near the first electrode, which is relatively small compared 
with pixel dimensions. If the first charged particles consist of negatively charged particles, 
the reset potential value of the first electrode is high as compared to the reset potential value 
of each of the second and the third electrode. If the first charged particles consist of 
positively charged particles, the reset potential value of the first electrode is low as compared 
to the reset potential value of each of the second and the third electrode. 

In another embodiment the first charged particles consist of one of negatively 
charged particles and positively charged particles, and for each pixel a fourth electrode is 
present distant from the second substrate, and being able to receive a fourth potential from 
the drive means for bringing the charged particles into the predetermined reset position, 
which is associated with the fourth electrode. The drive means are able to apply reset 
potential values to the four electrodes for bringing the charged particles into the 
predetermined reset position, which is associated with the fourth electrode. If the first 
charged particles consist of negatively charged particles, the reset potential value of the 
fourth electrode is high as compared to the reset potential value of each of the first, the 
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second and the third electrode. If the first charged particles consist of positively charged 
particles, the reset potential value of the fourth electrode is low as compared to the reset 
potential value of each of the first, the second and the third electrode. When the first charged 
particles are for instance concentrated near the fourth electrode, the first charged particles are 
in the predetermined reset position, which is associated with the fourth electrode. This 
embodiment has the advantage that the pixels have even better reproducible appearances. 

In another embodiment the first charged particles are negatively charged, the 
electrophoretic medium further comprises second charged particles having a second color 
and a positive charge, and for each pixel a fourth and a fifth electrode are present distant from 
the second substrate and able to receive a fourth and a fifth potential, respectively from the 
drive means for bringing the charged particles into the predetermined reset position, which is 
associated with the fourth and the fifth electrode, respectively. The drive means are able to 
apply reset potential values to the five electrodes for bringing the first and the second charged 
particles into the predetermined reset position, which is associated with the fourth and the 
fifth electrode, respectively. To bring the first charged particles in the predetermined reset 
position, which is associated with the fourth electrode, and to bring the second charged 
particles in the predetermined reset position, which is associated with the fifth electrode, the 
reset potential value of the fourth electrode is high as compared to the reset potential value of 
each of the first, the second, the third and the fifth electrode and the reset potential value of 
the fifth electrode is low as compared to the reset potential value of each of the first, the 
second, the third and the fourth electrode. When the first charged particles are in the 
predetermined reset position, which is associated with the fourth electrode, the first charged 
particles are for instance concentrated near the fourth electrode. When the second charged 
particles are in the predetermined reset position, which is associated with the fifth electrode, 
the second charged particles are for instance concentrated near the fifth electrode. This 
embodiment has the advantage that the pixels have even better reproducible appearances. 

These and other aspects of the invention will be further elucidated and described with 
reference to the drawings, in which: 

Figure 1 shows diagrammatically a front view of an embodiment of the 

display panel; 

Figure 2 shows diagrammatically an embodiment of a cross-sectional view 
along II-n in Figure 1 ; 
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Figure 3a shows diagrammatically the embodiment of Figure 2 if the 

electrodes have picture potential values; 

Figure 3b shows diagrammatically the embodiment of Figure 2 if the 

electrodes have reset potential values; . 
5 Figure 3c shows diagrammatically the embodiment of Figure 2 if the 

electrodes have subsequent picture potential values; 

Figure 4 shows diagrammatically a cross-sectional view along H-II in Figure 1 
of a second embodiment if the electrodes have reset potential values; 

. Figure 5 shows diagrammatically a cross-sectional view along H-H in Figure 1 
10 of a third embodiment if the electrodes have reset potential values; 

Figure 6 shows diagrammatically a cross-sectional view along V-V in Figure 4 

of a fourth embodiment; 

Figure 7 shows diagrammatically a cross-sectional view along E-H in Figure 1 

of a fifth embodiment if the electrodes have reset potential values; 
x 5 Figure 8 shows diagrammatically a cross-sectional view along H-H in Figure 1 

of a sixth embodiment if the electrodes have reset potential values; and 

Figure 9 shows diagrammatically a portion of the display panel. 

The Figures are schematic and not drawn to scale and in all the Figures 
corresponding parts are referenced to by the same reference numerals. 

20 

Figure 1 shows the display panel 1 having a second substrate 9 and a plurality 
of pixels 2. The pixels 2 are for instance arranged along substantially straight lines in a two- 
dimensional structure. 

25 Figure 2 shows the display panel 1 having a first substrate 8 and a second 

opposed substrate 9. An electrophoretic medium 5 is present between the substrates 8,9. The 
electrophoretic medium 5 comprises first charged particles 6, having a first color, in a fluid. 
As an example, the first charged particles 6 are black and have a negative charge, and the 
fluid is white. Such electrophoretic medium can be obtained from E Ink Corporation. A first, 

30 a second and a third electrode (3,4,10) are associated with each pixel (2). In the Figure the 
first substrate 8 has for each pixel 2, a first electrode 3, and the second substrate 9 has for 
each pixel 2 a second electrode 4 and a third electrode 10. The first, the second and the third 
electrode 3,4,10 are able to receive a first, a second and a third potential, respectively. 
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Figure 3a shows the electrodes 3,4,10 having picture potential values for 
displaying the picture. The picture potential values of the first, the second and third electrode 
3,4,10 of pixel 2' are for instance 0, 10 and 5 Volts, respectively. The negatively charged 
black particles 6 are present near the second electrode 4 and the pixel 2' has a gray 
appearance. The picture potential values of the first, the second and third electrode 3,4,10 of 
pixel 2 may be different from the picture potential values of pixel 2' . 

Subsequently, between displaying the picture and displaying the subsequent 
picture, the electrodes 3,4,10 in Figure 3b have reset potential values as the interval potential 
values' As a Consequence, the charged particles 6 are in the predetermined reset position 13. 
The reset potential values are for instance opposite to the picture potential values and me 
reset potential values and the picture potential values have been applied for a same duration. 
The reset potential values of the first, the second and third electrode 3,4,10 of pixel 2' are, 
related to the example given in Figure 3a, then 0, -10 and -5 Volts, respectively. 

Subsequently, in Figure 3c, the electrodes 3,4,10 have subsequent picture 
potential values for displaying the subsequent picture. The subsequent picture potential 
values of the first, the second and third electrode 3,4,10 of pixel 2' are for instance 10, 0 and 
0 Volts, respectively. The negatively charged black particles are present near the first 
electrode 3 and the pixel 2' has a white appearance. 

In Figure 4 the electrodes 3,4,10 have reset potential values as the interval 
potential values between displaying the picture and displaying the subsequent picture. The 
predetermined reset position 13 is an extreme position, in the Figure near the first electrode 3. 
The reset potential values are opposite to the picture potential values and the reset potential 
values have been applied for at least a same duration as the picture potential values. As a 
consequence, the charged particles 6 are in the predetermined reset position 13. 

Figure 5 shows the first electrode 3, which is small compared with pixel 2 
dimensions. The electrodes 3,4,10 have reset potential values. The first charged particles 6 
are in the predetermined reset position 13, which is associated with the first electrode 3. If the 
first charged particles 6 have a negative charge, the reset potential values of the first, the 
second and the third electrode 3,4,10 of pixel V are for instance 15, 0, 0 Volts, respectively. 
If the first charged particles 6 have a positive charge, the reset potential values of the first, the 
second and the third electrode 3,4,10 of pixel V are for instance -15, 0, 0 Volts, respectively. 
In both cases, the first charged particles 6 are concentrated near the first electrode 3 . 

In Figure 6 the first electrodes 3 of a number of pixels 2 are integral. 
Furthermore, for each pixel the first electrode 3 is present on a small portion, compared to 
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pixel 2 dimensions, of the first substrate 8. When the first charged particles 6 are in the 
predetermined reset position 13, which is associated with the first electrode 3, the first 
charged particles 6 are concentrated near the first electrode 3. 

Figure 7 shows a fourth electrode 11, which is present distant from the second 
5 substrate 9, in the Figure at the first substrate 8 : The electrodes 3,4,10,1 1 have reset potential 
values The first charged particles 6 are in the predetermined reset position 13, which is 
associated with the fourth electrode 11. If the first charged particles 6 have a negative charge, 
the reset potential values of the first, the second, the third and the fourth electrode 3,4,10,11 
of pixel T are for instance 0, 0, 0, 15 Volts, respectively . If the first charged particles 6 have 
10 a positive charge, the reset potential values of the first, the second, the third and the fourth 
electrode 3,4,10,1 1 of pixel 2' are for instance 0, 0, 0, -15 Volts, respectively. In both cases, 
the first charged particles 6 are concentrated near the fourth electrode 1 1 . 

Figure 8 shows the first charged particles 6 being negatively charged and, as 
an example, black. Furthermore, the electrophoretic medium 5 has second charged particles 
15 7 which have a positive charge and, as an example, are white. The fluid of the 

eiectrophoretic medium 5 is for instance transparent. For each pixel 2 a fourth electrode 11 
and a fifth electrode 15 are present at the first substrate 8. The electrodes 3,4,10,1 1,12 have 
reset potential values. The first charged particles 6 are in the predetermined reset position 13, 
which is associated with the fourth electrode 1 1 . The second charged particles 7 are in me 
20 predetermined reset position 13, which is associated with the fifth electrode 12. The reset 
potential values of the first, the second, the third, the fourth and the fifth electrode 
3 4,10,1 1,12 of pixel 2' are for instance 0, 0, 0, 15, -15 Volts, respectively. The first charged 
particles 6 are concentrated near the fourth electrode 1 1, and the second charged particles 7 
are concentrated near the fifth electrode 12. 
25 Figure 9 shows diagrammatically the display panel 1 comprising pixels 2 and 

the drive means 100. The drive means 100 are able to control the first, the second and the 
third potential on the first, the second and the third electrode 3,4,10, respectively, of each 
pixel 2, to have picture potential values for displaying the picture, subsequently to have reset 
potential values for bringing the charged particles 6,7 into a predetermined reset position 13 
30 before having subsequent picture potential values for displaying the subsequent picture. 

Furthermore, if the fourth electrode 11 is present the drive means 100 are able to control the 
fourth potential of the fourth electrode 1 1 for bringing the charged particles 6 into the 
predetermined reset position 13, which is associated with the fourth electrode 1 1 . If, 
furthermore, the fifth electrode 12 is present the drive means 100 are able to control the fifth 
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potential of the fifth electrode 12 for bringing the charged particles 7 into the predetermined 
reset position 13, which is associated with the fifth electrode 12. 

It will be apparent that within the scope of the invention many variations are 
possible for a person skilled in the art. . 



